Abstract
Introduction
In Western Romania, several geological events occurred in the Middle Miocene: a new generation of sedimentary basins was born and an intensive magmatic activity begun, with a paroxysmal pe riod between 14.8-10 My (Sändulescu 1984 , Rosu et al. 2000 .
A peculiar interest concern the sedimentary basins located on the western rim of the Apuseni Mountains, due to accurate data recorded into their Badenian and Sarmatian successions. Among these "gulf-basins" the Zarand Basin had a peculiar evolution: although the epoch of its genesis is nearly the same as in the other coeval basins (Simleu, Vad-Borod, Beiu §, Muresului passage way etc.), specific environments developed there in Sarmatian. Such an environment reffers to the Lower Sarmatian (Volhynian) tuffaceous/diatomite-bearing successions which occurred due to the intense Sarmatian volcanic activity. Sarmatian diatomites are not completely missing from the other analogous Neogene basins (e.g. Vad-Borod, Beius) but there one can observe only short diatomitic episodes interbedding into various other lithologies.
This contribution deals with the peculiar Lower Sarmatian depositional environments, indicating the diatom assemblages which lead to the diatomite accumulations from the Middle Miocene sedimentary basins from Western Romania.
Geological setting
The Neogene basins from Apuseni Mountains were born as eastward extensions of the Pannonian Basin since Badenian. These basins evolved as margins of the Pannonian Basin realm, where the different eustatic events marked better vestiges than elsewhere. Excepting the Simleu Basin, the other ones are trended NW-SE or W-E, betraying older fractures inherited from the Laramian tectogenesis. Their basements involve Paleozoic and Mesozoic rocks belonging to the Inner Dacides (Sändulescu 1994, Sändulescu and Dimitrescu 2004) . Over the basement, Neogene molass fills all these basins (Fig. 1 ).
In the Zarand Basin the Neogene deposits are of both sedimentary and volcanic origin (Istocescu 1971) . The succession begin with Badenian formations (Botfei, Miniçu de Sus and Mocrea; Codrea et al. 1999) , followed by Sarmatian ones (Cärand, Camna, Urvi §-Beliu and Paulian; Pestrea 1999). Pannonian s.str. and Pontian formations (Beliu, Häsmas, Prunisor, Märäus) remain extremely poor outlined due to the unsuitable manner of definition and scarcity of data published by Marinescu et al. (1998) .
Figure 1 -Locations of the Vad-Borod and Zarand Neogene Basins in Western Romania
The Vad-Borod Basin in located northerly from Zarand. There, the Lower Sarmatian diatomite occurs only on restricted surfaces. The diatomite belongs to the Cornitel Formation (Popa 2000) . However, one worth to be pointed out that the eastern sector of the Vad-Borod Basin, where Cor-ni{el Formation is originating from, can be somehow different form the western sector, where the diatomite occur.
Middle Miocene diatomite-bearing environments

Zarand Basin
The diatomite occurs into the Cärand Formation as a distinct facies, which Säsäran et al. (1999) described as FAI ("the diatomite facies") into the "diatomite-tuffaceous facies associations" (FA). The diatomite is laying unconformity on Mesozoic basement. The best diatomite exposures can be followed in the former diatomite open-pits, once mining this rock at Bârzavita, Pârâul Nem{ului or Stupii Surdului, all located in Mini §u de Sus village neighbourhood. The diatomite occurs always next to the pyroclastic facies associations (FB), i.e. different tephra (lapillistones and andésite tuffs), pyroclastic breccia flows and lahar facies (Fig. 2) .
In his papers Pantocsek (1886 Pantocsek ( , 1889 Pantocsek ( , 1905 illustrated several diatom species and genera from different sites belonging to Cärand Formation: Minisu de Sus, Camna, Cärand and Nermis. For Miniçu de Sus, Camna and the Bremia Valley (Volume II, 1889) he referred more thoroughly to diatomites. He considered two diatomite successions to belong to brackish-water environment (Minisul de Sus, Camna) and one deposit related to a marine basin (Bremia Valley, Camna).
Later, Krestel (1970) focused her study on the Miniçul de Sus diatomite and redescribed the regions previously studied by Pantocsek, but new areas too: Stupii Surdului, Dealul Râtului, Bârzàvicioara, Drânova^, Pârâul Neamtului and Câmpul Lat. She stressed that the diatoms assemblages comprise centric mostly planktonic and generally pennate benthyic epiphytic forms. In addition to diatoms, there are also ebriidians, chrysomonads, silicoflagellates, sponge spicules and phytolites. She was considering that the diatomite from Minisu de Sus had a neritic zone genesis, in temperate climate, in Early Sarmatian (Volhynian).
Another study on the same diatom assemblages has been recently carried out by Pestrea (1996 Pestrea ( , 1999 , describing 240 species in 66 genera. There is a preponderance of pennate forms as to the centric ones. For the Cärand profile she also established three types of associations with biostratigraphic importance from the Volhynian -Bessarabian interval.
The last contributions on the diatom assemblages belong to Barbu (2002) and Barbu and Codrea (2002 Out of the total number of taxa, 58.1 % originated from marine environments, 16.2 % from marine-brackish ones, 4.1% from brackish ones, 8.1 % from both brackish and fresh water ones and 13.5 % from fresh water.
Although the presence of different diatom taxa is not uniformly distributed within the profiles, two large types of assemblages can still be pointed out.
The first one involves the preponderance of pennate diatoms with dominance of Fragilaria and Navicula genera, next to Cymbela, Cocconeis, Synedra. The centric diatoms that can be mentioned are mainly Melosira ambigua and M. arenaria. This assemblage is indicative for brackish envi ronment. It includes not only diatoms but also: chrysomonads and numerous sponge spicules.
The second assemblage is completely different from the first one, comprising other genera of cen tric and pennate diatoms. Its peculiarity involves the following taxa: Ρ or alia sulcata, Coscinodiscus, Actinoptycus, Chaetoceros, Grammatophora, Plagiograma, Mastogloia and Navicula, all in dicating a marine-brackish environment. There are many Coscinodiscus and Chaetoceros speciesthe latter being extremely abundant -as well as Navicula ones too. In addition to diatoms, there are also new groups of siliceous representatives such as: silicoflagellates, ebriidians and dinoflagellates.
The distribution of these assemblages along the succession is irregular: the brackish water diatom assemblage is dominating almost in the whole sequence, with some qualitative and quantitative variation from one level to another, whereas the marine-brackish diatom one occurs only in four restricted levels within the profile.
Some index species as Anaulus simplex, Coscinodiscus sarmaticus, etc. have a wide regional ex tension, e.g. the Czech Republic, Slovakia, Croatia, Hungary, Bulgaria, led to the conclusion that the studied deposits can be included within the Anaulus simplex (Hajos 1986 (Hajos , 1990 ) zone of the Lower Sarmatian (Volhynian). Two genera were pointed out for the silicoflagellates and erbidians: Deflandriocha and Podamphora. We should mention a novelty for this area, the presence of dinoflagellates: two species had been identified: Carduifolia gracilis Hovase and Calicipedinium quadripes.
In addition to the microflora one can mention some other elements allowing the reconstruction of the Lower Sarmatian paleoenvironment. Some of them refer to taxa originating into the basin wa ter assemblages, as fish (mostly clupeids) or dolphins (probably Kentriodontidae representatives) (Codrea et al. 1991a, b) . Sometimes, during the fresh water episodes, turtles as Trionyx stiriacus Peters occurred too (Vremir et al, 1997) . The turtle remains could also be buried into diatomite as a result of rework of their carcases from the surrounding areas, carried into the basin by the river streams. A tentative of reconstruction of the Lower Sarmatian water life is illustrated in Fig. 3 .
The emerged environments bordering the basin are documented either by macroflora, or by the vertebrates (Fig. 4) .
The macroflora, when it occurs is very well preserved, either as foliar imprints or silicified truncks fragments. (Givulescu et al. 1995 (Givulescu et al. ,2002 .
This typically Sarmatian flora is in complete concordance with the other Early Sarmatian floras from Transylvania. It belongs to the type flora with Cystoseirites, but without Palaeocarya, an element which has not been stressed up to the present stage of our research (Givulescu 1992 ).
The taphocaenosis is not very rich. The fossils are made up of having been brought from the surrounding land areas at different moments and, as we shall show later, from various different assemblages.
From a statistic point of view, within this flora there are: 16 families with 20 genera and 24 species + 3 uncertain ones. Therefore, it is a flora with a low number of samples, but still sufficiently rich in families and genera. It is also worth mentioning that, out of the identified forms, 10 are arctotertiary, 6 palaeotropical, i.e. 62.50 % : 37.50 %; there are 15 trees and 7 shrubs, i.e. 68.18 % : 31.82 %; we found 9 types with dentate leaves and 7 with whole margin leaves, i.e. 56.25 % : 42.75 %.
We should point out as a significant fact the presence of a palm tree in the Early Sarmatian, Chamaerops humilis fossilis (Givulescu and Barbu 1999) . The remaining flora is common for the Early Sarmatian. Anyway, we are also stressing Lindera antiqua, and Quercus cf. ilex, which had their first appearance datum in the Transylvanian floras, just like Carya denticulata. On the other hand, Myrica vindobonensis and Acacia parschlugiana are relicts, because they are peculiar to the Early Miocene and Oligocene. It is very interesting to note the numerous Pinus types and the discovery of a Pinus with quaternae needles.
The foliar remnants belong to several environments. Putting aside the brackish water environment with Cystoseirites, two categories can be distinguished on the surrounding basin land: one of flooded swamps with Glyptostrobus, Gleditsia, Myrica, Platanus, probably Pinus taedaeformis and maybe even Carya; another with drier areas with Lauraceae, other vegetables and especially Chamaerops and Quercus cf. ilex., which forms assemblages even in actual occidental Mediterrean region. The shurb Zanthoxylon as well as the fern Pteris were also present too.
The Early Sarmatian climate had been estimate on the percentage of whole margin leaves. One can presume a subtropical wet climate (Cfa sensu Koppen) or according to Dilcher (1973) , a wet or even very wet warm temperate one.
For over a decade of field missions a sample of Sarmatian land vertebrate fossils have been collected. It concerns mammals, as water-chevrotain (Dorcatherium crassum (Lartet)), listriodon (Listriodon splendens splendens Von Meyer), a small rhino {Alicornops simorrense (Lartet)), dinothere {Deinotherium giganteum Kaup) and mastodon (Gomphoterium angustidens (Cuvier)) (Nicorici 1976 , Codrea et al. 1991 a, b, Codrea 1992 . In addition, an Anchitherium calcaneum exists in the collection of the Hungarian Geological Istitute (MAFI) in Budapest (unpublished) . The whole assemblage can be related to the MN 7+8 unit, i.e. the terminal Astaracian.
In order to understand the context in which diatomite sediments were laid, we should refer to the Volhynian palaeogeography of this area. After the low marine level tendency which happened at the end of the Late Badenian, in Volhynian there were ingressive tendencies due to which the Zarand area turned into an archipelago belonging to the Central Paratethys. The surface covered by the Sarmatian waters overcame the Badenian one. In this manner the Sarmatian happen to lye in unconformity over the Permo-Mesozoic basement.
The large mammals and the macroflora, both are evidence for the processes taking place on land environments. The macroflora remnants show that the coasts were dense forested areas, where Anchitherium-type fauna occurred. The presence of Listriodon as well as that of Dorcatherium is evidence in this respect. Water-chevrotain seems to account for the presence of gallery-forests, just like Alicornops simorrense which could even be indicative for swamps, also documented by Glyptostrobus europaeus, Myrica lignitum, M. vindobonensis, Glaeditsia lyelliana etc.
As a conclusion, mainly the diatomite assemblages indicate that at Miniçu de Sus only the Volhynian can be proved, a different situation compared to the Carand site, where Pestrea (1999) found the Bessarabian too.
Vad-Borod Basin
The small diatomite outcrops we have studied from the Cornitel Formation (Popa 2000) are located near Lugaçu de Jos, ten km westward from Aleçd town. The succession is analogous with the one from Miniçu de Sus, with diatomite interbedding in tuff. There, Pantocsek (1886 Pantocsek ( , 1889 Pantocsek ( , 1905 According to the number of fish vertebra, the basin had brackish waters, probably 29 %o. Considerable amount of fresh water probably come into the basin as an input carried on by the river streams.
Conclusions
In the Western Apuseni Middle Miocene sedimentary basins the diatomite occurs as consequence of the Neogene volcanism, in Sarmatian. All this kind of basins was related to the great Pannonian Basin realm, since the Badenian. The main diatomite sequences can be followed in Zarand and Vad Borod basins. However, thiner diatomite episodes can occur also in the other analogous basins from Western Romania.
All this diatom assemblages (centric and pennate) as well as the micro organisms occurring besides (dinoflagellates, ebriidinas, silicoflagellates, phytolites) formed rocks which afforded exceptional fossilisations. Leaf imprints, fragments of siliceous woods, bones and teeth of fish, reptiles or mainly large mammals had been collected from the different outcrops. Several taxa are good markers for the Sarmatian environment reconstructions. The Lower Sarmatian (Volhynian) landscape in both in Zarand and Vad-Borod basins concerned dense forested areas, sometimes with swampy tendencies, in a wet warm temperate climate. The vertebrate fauna belongs to final Astaracian, i.e. MN 7+8 unit. The rims of the Sarmatian basin crossed several salinity changes. The brackish water dominance had been interrupted by fresh water episodes, documented by different diatom assemblages.
Several decades, mining had been carried on for the Western Romania Sarmatian diatomite (Brana 1967) . The reserves there are still important and would legitimate the continuation of mining mainly in Zarand Basin.
